Theoretical velocities of binary liquid mixtures of 1-bromopropane with chlorobenzene at 2 MHz and four different temperatures 303.15, 308.15, 313.15 and 318.15 K, have been evaluated as a function of concentration and temperature. The experimental values are compared with theoretical models of liquid mixtures such as Nomoto, Van Dael-Vangeel, Impedance Relation, Rao's Specific Velocity Method, Junjie's relations and Free Length Theory. In the chosen system there is a good agreement between experimental and theoretical values calculated by Nomoto's theory. The deviation in the variation of U2exp/ U2imx from unity has also been evaluated for explaining the non ideality in the mixtures. The results are explained in terms of intermolecular interactions occurring in these binary liquid mixtures.
INTRODUCTION
The ultrasonic velocity measurement plays an important role in understanding the molecular interaction between the components of the mixture and provides an insight into the physicochemical properties of liquid mixtures such as molecular association and dissociation as well as the strength of interaction between the components [1] [2] [3] [4] [5] . Several relations, semiempirical formulae and theories of Nomoto, Van Deal and Vangeel ideal mix relations, impedance relation, Rao's Specific velocity, Junjie and Free length theory are available for the theoretical computation of ultrasonic velocity in liquid and liquid mixtures [6] [7] [8] [9] [10] [11] .
This investigation presents the evaluation of ultrasonic velocity using above theoretical relations for 1-bromoporpane with chlorobenzene at temperatures of 303.15-318.15 K with intervals of 5 K. An attempt has been made to study the molecular interactions from the deviation values in U 2 exp /U 2 imix from unity based on earlier studies [12] [13] .
EXPERIMENTAL SECTION
The chemicals used in the present investigation are of Analar grade (with purity >0.995) and are further purified by employing the standard methods mentioned in literature [14] [15] . Ultrasonic velocity (U) was measured using an ultrasonic interferometer working at 2 MHz with an accuracy of ±0.05 % (Model F-81, Mittal enterprises, India).
The measured speeds of sound have a precision of 0.8 m·sec -1 . The temperature stability was maintained with ±0.01 K. By circulating water bath around the measuring cell through a pump.
The densities, ρ, of the pure liquids and their mixtures are determined using a 10 -5 m 3 double-arm pycnometer, and the values from triplicate replication at each temperature are reproducible within 2 x 10 -1 kg·m 3 and the uncertainty in the measurement of density is found to be 2 parts in 10 4 parts. The reproducibility in mole fractions was within ±0.0002.
THEORETICAL DETAILS
The following are relations/theories used for the prediction of ultrasonic velocity in the binary liquid mixtures.
1. Nomoto's relations (U NOM ):
On assuming the additivity of molar sound velocity (R) and no volume change on mixing, Nomoto established the following relation for a liquid mixture 1 3 M R U   (1) where U and ρ are determined experimentally and M is the mean molecular weight in a binary liquid mixture
where M 1 and M 2 are molecular weights of constituent components. Simple manipulation yields the following relation 
2. Junjie's method (U J ):
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where M 1 and M 2 are molecular weights of constituent components. ρ 1 and ρ 2 are the densities of constituent components.
Ideal Mixture Relation (U IMR ):
Van Deal and Vangeel suggested the following relation for the velocity of sound:
where U imx is the ideal mixing ultrasonic velocity in liquid mixture, and U 1 and U 2 are the velocities of the individual components.
4. The Rao's specific velocity method relation (U RAO ):
where X i mole fraction, U i is the ultrasonic velocity, ρ i is the density of the mixture, r i is the Rao's specific sound velocity and Z i is the acoustic impedance.
5. The Impedance dependence relation (U IDR ):
where X i is the molefraction, Z i is the acoustic impedance and ρ i is the density of the components in the mixture.
6. Free Length Theory (U FLT ):
where 1 01 2 02
7. Percentage deviation
The percentage deviation in sound velocity between the experimental and computed values are calculated as exp exp %
.100
RESULTS AND DISCUSSIONS
The experimentally measured ultrasonic velocity and the estimated ultrasonic velocity from the various theoretical models like Nomoto, Van Dael-Vangeel, Impedance Relation, Rao's Specific Velocity Method, Junjie's relations and Free Length Theory for the binary mixture of 1-bromopropane with chlorobenzene at four different temperatures are summarized in the Table 1 . It is observed that the experimental values show less deviation with the theoretical values of ultrasonic velocities which confirms the existence of molecular interactions. For all molefractions ultrasonic velocity is found in good agreement with Nomoto theory it is supposed that the volume does not change on mixing. Therefore, no interaction between the components of liquid mixtures has been taken into account. Similarly less deviation observed in Impedance and Junjie is due to the presence of weaker Interaction in binary liquid mixtures. The maximum deviation in Van Deal and Vangeel (IMR) theory and Rao's specific velocity method relation are due to the associated and non-associated components present in the mixture of different size components. The reason may be the limitations and approximations incorporated in these theories [16] [17] [18] [19] . Thus, the observed deviation of theoretical values of velocity from the experimental values shows that the molecular interactions are taking place [20] [21] between the unlike molecules in the liquid mixture. In general, the predictive ability of various ultrasonic theories depends upon the strength of interactions that exist in a binary system. In case strong interactions exist between the molecules of the mixtures, there is much deviation in theoretical prediction of velocity than the molecules of the mixture where less interactions are present. The validity of different theoretical formulae is checked by percentage deviation at all the temperatures and is given in Table 2 .
International Letters of Chemistry, Physics and Astronomy Vol. 30 The percentage deviations of the ultrasonic velocity are both negative and positive. Such deviations indicate the nonideal behaviour of liquid mixtures. The limitations and approximations incorporated in these theories are responsible for the deviations between theoretical and experimental values. The variation of ultrasonic velocity with the molefraction of 1-bromoporpane at different temperatures is shown in Figure 1 . It is evident from the figure that the velocity decreases with increase in the concentration of 1-bromopropane and decreases with increase in temperature at any particular concentration. This is probably due to the fact that the thermal energy activates the molecule, International Letters of Chemistry, Physics and Astronomy Vol. 30 which would increase the rate of association of unlike molecules. Figure 2 represent the variation of U 2 exp /U 2 imix with mole fraction of 1-bromoporpane with chlorobenzene and it is observed that it is maximum at approximately 0.52 M.
CONCLUSION
Ultrasonic velocities predicted using six theories and relations were compared with experimentally measured velocity values at 303.15 K, 308.15 K, 313.15 K and 318.15 K in the binary mixture of 1-bromopropane with chlorobenzene gives satisfactory results. Thus, the linearity of molar sound velocity and additivity of molar volumes, as suggested by Nomoto's relation is in best suited with the experimental velocity values in all the temperatures for nonpolar-polar liquid mixtures has also been emphasized by others [22] [23] [24] [25] [26] [27] .
